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ABSTRACT

Parian porcelain (80% feldspar and 20% Kaolin) or (80% feldspar, 10%
Kaolin and 10% quartz) and those containing BaCO3, Al(OH)3 or ZrSi04 in
5, 10and 15% were prepared and matured.

Optical measurements were performed according to the tristimutus
values CIE. system (see Annex) and x, y and z were obtained from the
reflection and transmission data of parian porcelain with mineratizers. The
transiucency and brightness of the specimens were caiculated after
normatizing with the sensitivity of human eye (the ordinary observer).

Results proved increased transmitiance with higher wavelength and
with mineralizers. Both transiucency and whileness improved
substantially with BaCO3 while ZrSj04 reised opacity. The resuits were
discussed in terms of porosity and surface topography. Resuited bodies
are comparable to Lthe transmitiance-reflectance piot of some American
and British porcelains.

INTRODUCTION

A unique property of this high feldspathic perian porcelain is its
transtucency which could be defined as the relative amount of light
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transmission of diffuse reflectance from a specimen surface through its
turbid medium (Macadam, !981). The opticai properties of parian
porcelain has not yet been dealt with inspite of its use in ableware and
porcelain teeth (Southan, 1987).

Opticai measurements of porcelain unadequately varied between
visual appearance to single transmission wavelength Correlation of
translucency evident to human eye, which varies along the visible
spectrum, is very seldom. Methods of studying transiucency are: 1) direct
transmission (very low), 2) total transmission (including scatlering) and
3) spectral reflectance. The last two methods are chosen, in the present
work, to define comprehensively the opticai characteristics of the
porcelain bodies and to obtain the tristimulus values of the CIE. system x,
y and 2 10 simuiate human eye sensitivity.

Whiteness and translucency were indicated to be dependent on the
microstructure of the body, light absorbed and to the presence of coloring
oxides (Levin and Nikuiina, 1974). The influencing factors are the alkali
concentrations and firing temperatures which in turn affect sintering and
not the pigment oxides (Danule et al, 1972). Lekareva ot al (1966)
denoted improved whiteness upon decreasing the alkali content although
high potash fons were reported to guarantee high transiucency y
in high alkali system (Slosarczyk, 1983). Dietzel (1969) attributed the
whiteness of porcelain to the acldic nature of the glassy phase which
dissolves Fe203 giving FeO, masking the rest of Fe203 dnd shieiding its
yellow color.

In the present work, parian porcelain bodies were prepared using local
raw materials. The effect of incorporating mineralizers in the form of
BaCO3 or Al(OH)3 or ZrSi04 at the level of 5, 10 and 15% on their
aesthetics in relation to microstructure are studied. Various approaches
for measuring were assessed.

EXPERIMENTAL
Parcelsin bodies

Porcelain specimens were prepared using the semidry pressing
technique. Local raw materials used are potash feldspar (F), Quartz (Q)
and Kalabsha Kaolin (K) (Aswan). Specimens were vitrified and true
density as well as bulk density were used to caiculale sealed porosity
(ASTM C-329-75). Chemicai composition of the mature base-bodies are
quoted from the chemical analysis of their raw materials. Chemically pure
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BaC03 or Al(OH)3 or ZrSi04 were incorporated separately at the level of 5,
10and | 5% in each base body (FK) or (FKQ).

TABLE 1

Chemical constitution of porcelain base-body

Body Calculated oxide X on fired base
composition Body
notation S0z Alx03 Ti02 Fe203 Ca0 Mg0 K20 Na0

F K 0

80 20 - K 6206 2394 043 073 045 014 1001 261
80 10 10 FKQ 6795 1968 022 064 044 011 1000 260

Surface lopography

Specimens were examined after careful polishing, cleaning and evaporating thin
layer of gold (500 A). Scanning electron microscope (Nano Lab. 7 SEMCO,
Canada) was used.

Optical properties

A double beam recording Spectrophotometer (Schimatzu UV 300)
with an integrated sphere assembly was used. Before measuring the
reflaction, the zero and 100% setling are made according to the ordinary
UV 300 procedure. Mg0 powder pressed as specimens having 24 mm
diameter are used as standard white.

For the total {ransmission measurements, an alumina specimen holder
with the sample at the entrance part of the sphere was used. Freshly
prepared MgO reflectance standard was used to complete the integrated
sphere. The intensity of the beam passing through a rectangular
specimen (2.4 z 1.6 mm) was continuously recorded. Both measurements
were performed on one and the same specimen to insure same thickness
and surface polish. The average thickness of each samples was obtained
from five measurements along the diameter of the specimens using
travelling microscope.

The normalized transtucency values (yin) according o the CIE. are
oblained by multiplying the previously obtained values (y:) from
transmission curves by the relative spectral power disiribution of the
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ClE. ittuminant (A), (x.yaRa) specific for wavelength at intervais of 10
nm which are aveilable in standard tables (Judd and Wyszecki 1965).

The actual translucency relative to the sensitivity of the human eye
within the whole spectrum (yTi) and the integrated tristimuius values
after normalization (yini) are related to the relative thickness of the
respective sample X,/ as included in the equation:

_.Xo/X
Y117 Vi

where X, is the thickness of 1the sample with 1 mm thickness and x is the
thickness of any measured sample. The transiucency ® (y1i®) is then
obtained by dividing the integrated normalized yT; by the standard
ftluminant (A) which is equal to 1078.9 and multiplying by 100.

To calculate the brightness, yen; the yr values {rom reflection curves
were multiplied by the relative spectral power distribution (sayaRa) of
the CIE. iltuminant (A). The brightness ® (yi%) was oblained by dividing
the normatized integrated (yrn) by 10789 which is the standard
filuminant (A) and multiptying by 1 00.

RESULTS AND DISCUSSION

The incorporation of the mineralizers retarded maturing to higher
temperature with wider firing range especially the barium carbonate in
group i and group IV with quariz as in Table 2.

Oplical properiies
Reffoction

The spectral reflectance obtsined is exempiified by those of group [
containing BaCO3, Figure la. The absorption band in the blue region
(about 400 nm) is fairly marked on the original body as well as those of
low concentrations of the mineralizers denote the presence of iron
impurities at 380-460 nm. Its fainting proves the role played by the
mineralizers especially at the high concentrations. The relative brighiness
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TABLE 2

Constitution and ceramic properties of mature parian porcelain at their respective
firing temperatures

Group Specimen Mineral- Specific Firing Water Density Porosily Shrink-

No. constilu- iter nolation tempera- absorp- g/cm3 (%) age
tion: (%) ture (°C) tion (%) (%)
K - K 1150 01! 2.37 0.27 12.38
I BaCD3 5 FKBI 1225 0.38 2.47 0.94 2.39
10 FKBI1 0.27 255 0.70 2.39
15 FKBII1 0.28 253 0.7¢ 2.39
1 Al(OH)3 10 FKAIl 1175 0.31 2.44 0.76 2.38
15 FKAIII 1.84 2.31 425 2.36
HI  ZrSiQ4 10 FKZil 1175 0.43 239 1.03 2.42
FKQ - FKQ 1175 0.19 2.33 0.45 11.66
v BaCD3 S FKQBI 1225 0.27 2.47 0.65 243
10 FKOQBII 1200 0.22 2.39 0.52 2.40
15 FKQBIII 1175 0.24 237 0.58 2.39

FK = 80% F and 20% K
FKQ=80%F, 10% K and 10% Q
F: feldspar, K: Kaolin and Q: quartz

(ye}), which is obtained from reflection curves and denotes brightness,
when plotted as a function of the measured wavelength elucidates the
achieved improvement due io mineratizers. Optimum brightness is
recorded around X = 580-600 nm, Table 3, and represented by Figure b
for group I. The variation of maturing temperature being 1225 or 1250
oC has more pronounced effect al low levels of mineralizers as FKBI which
diminishes with high concentration. The diffusety reflected tight has two
components, one resulting from the reflection at the phase boundaries on
either surfaces of the specimen and the other from light scatiered by
scattering centres inside the specimen.
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Fig. 1.a Refiectance, yr curves for porcelain FK and of group 1 containing BaCOj
matured at 1225 and1250 °C a2 a.function of wavelength.

b. Tristimulus Relative brightness, yen for porcelain FK and of group I

containing BaCO3 matured a1 1225 and 1250 °C a3 a function of wavelength.
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TABLE 3

Yalues of transmittance % (yy), reflectance % (y;) and absorbance % (A) from the
spectiral transmission, reflection and absorption curves at A = 555 nm.

Firing Speciral values (%)

Group Specimen temperature

No. notation (°C) " Yr A
K 1150 0.6 305 68.9

1 FKBI 1225 24 348 628
FKBII 6.1 54.4 395
FKBIII 115 65.4 23.0

I1 FK Al 1175 1.1 48 4 50.5
FKAII 33 55.4 413

111 FKZIT 1175 a.0 65.6 344
FKQ 1175 36 322 64.2

1¥ FKQI 1125 96 42 4 48.0
FKQII 1200 16.6 57.1 26.3
FKQIII 1175 18.3 60.3 214

Transmission

The amount of light transmitted which is the sum of directly
transmitted light and diffuse transmitted light by scattering varied
between 0.6% for the originat body (FK) to 11.5% for the improved one
containing | 5% BaC03 (FKBIII), Table 3. Figure 2a is an exampie of these
curves for group I. The total transmission of the specimens have similar
specira showing increasing transmittance with wavelength from 400 to
700 nm which is coinciding with Rayleigh's scattering equation (Macadam,
1981). The presence of additives including quartz seems 1o act as
scattering centres which resulted an improved transiucent appearance
by diffuse transmission and scattering similar 10 the role of Tin oxide
opacifier in dental porcelain (Hahn and Teuchert, 1980). Multiple
scattering of light in porcelain was denoted to be the main factor of its
transtucency (Brodbelt et al, 1980). Plotting the y. parameter of the
tristimulus values from transmission curves versus wavelength (1) as

exemplified by those of group 1. Figure 2b shows optimum values at A =
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Fig. 2. a. Transmittance, vy curves for porcelain FK and of group I containing BaCOz
matured at 1225 and 1250 °C as a function of wavelength.
b. Tristimulus transmittance, Yen for porcelain FK and of group [ containing
BaC0; matured at 1225 and 1230 °C as a function of wavelength.

580 to 600 nm which is higher than maximum sensitivity of human eye
being at A = 555 nm as reported by judd and Wyszecki (1965).

Absarption

The absorption curves originated from the percentage of light absorbed
(calculated by subtracting the sum of transmitted and reflected lights
from 100) at each wavelength interval, Table 3. The high absorbance %
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{(A) of the original specimen (65.8%) was reduced substantially with
ZrSi04 and Al(OH)3 and both are inferior to BaCO3. With highest
concentration of BaC03 (15%) absorbance ® was reduced to one third of
the base-body, Figure 2.
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Fig. 3. Absorption curves for porcelain FX and of group 1 containing BaC03 matured
at 1225 and 1250 °C as a function of wavelength.

Analyzing the tristimulus transiucency, Figure 1b and those of
brightness, Figure 2b, at various wavelengths proves that their optimum
values do not coincide with that relative to human eye (A = 555 nm),
Tabie 4.

It can be realized that normalized relative values or even the
integrated % vajues have higher values than when calculated at A = 555
nm only. The latter although at maximum sensilivity of humen eye, yeot
normalized and integrated values are more realistic. Therefore, one
cannot depend on one or two values at A = 555 nm or at optimum
wavelengths within the spectrum o characterize the optical properiies.
Consequently, the ideal values should be normatized and integrated
values relative to the standard respective illuminant (Macadam, 1981)
and taking the sample thickness into consideration.
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TABLE 4

Normalized transmittance (yis) and normalized reflectance (ypn) at A = 555 nm; their
optimum wavelengths, Yino and yepo after normalization and the normalized
integrated transmittance, Yti%, reflectance, Ypi% and absorbance, A%, reiative 1o
standard illuminant (A).

Normalized values

Specimen Normalized integrated %
notation atA =555 Optimum wavelength values (400-700 om)

Yin  Yro a(nm) yine  Yrne YTi% Yri% A%
FK 048 - 600 098 - 09 333 658
FKB1 209 305 590 317 344 31 369 600
FKBI1 54 484 580 673 528 68 537 375
FEBIII 104 582 580 11.80 632 12.3 663 214
FEAIY 981 429 600 2.1 47.8 19 506 475
FKAILl 2.87 497 S80 38 539 24 572 404
FKZI! 0 583 570 - 63.8 0.5 675 320
Effect of firing tempersture

When the specimens were fired at (wo successive maturing
temperatures 1225 and 1250 °C for group | containing BaCO3;
mineralizers as an example, the lowesl concentrations (5%) has
pronounced improving effect with harder firing. Higher concentration of
BaC0O3 {10and | 5%) have insignificant further improvement, Table 5.

TABLE 5

Effect of maturing temperatures on aesthetic parameters porcelain containing BaCO3

1250 oC 1225¢C

Specimen

ootation  Sealed Ygi% Y7i% A% Sealed Ypi% Yrit A%
pores pores

FKBI 1.19 439 76 43.% 1.21 36.9 31 66.0

FXBI1 1.10 497 67 436 0.31 557 6.8 375
FXBIIT 0.19 66.0 129 21.1 0.29 663 123 214
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Efact of quartz

When quartz replaced haif the amount of Kaolin used in the original
batch as in group FKQ, its brightness and translucency are improved.
Further, the inclusion of BaCO3 helped more improvement and enhanced
better aesthetic as given in Table 6 and Figure 4a.b.

TABLE 6
Bffect of quartz replacing Kaolin and BaCO3

Specimen Firing Sealed
notation temperature (0C)  Ygri% Yris A% pores
FKQ 1175 35.1 49 60.0 1.40
FKQBI 1225 427 10.4 46.8 1.29
FKQBII 1225 61.2 11.7 27.1 1.20
FKQBIII 1175 618 19.2 19.0 0.17
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Fig. 4. a. Tristimulus iransmittance, yis from transmission curves (a) and tristimulus
relative brightness, yrn from reflection curves (b) for FKQ and FKQ
containing BaCO3 fired at different temperatures as a function of
wavelength.
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The effect of mineralizers on aesthetics are due to refleclions from
crystallinity of the specimens, grain size of these crystals, porosity and
sealed pores, Tables 5and 6.

For the bodies containing BaC03, whose translucency increases by a
factor of 10 and brightness is doubled, possess high crystaiization of
leucite as proved by X-ray diffractograms, Figure 5b, and minimum
porosity, Table 5, compared to that of base-body, Figure 5a.

Their scanning electron micrographs show uniform and square leucite
crystals, Figure 6b. It is obvious that BaCO3 inclusion served to suppress
unusual crystal growth which interferes with light transmission and
minimized differences in reflection between phases. The inclusion of
Al1(OH)3 affected improved parameters and catatized leucite formation but
to a lower extent as shown in their XRD, Figure Sc, and SEM, Figure 6¢. The
X-ray diffraction tracings of bodies containing various percent of ZrSiOq4
demonstrate enhanced leucite crystallization, Figure 5d. Their surface
topography (SEM), Figure 6d, reveals numerous crystal habits and sizes.
Therefore, ZrSi04 acted as nucleating agent simiiar to the role of Ti0z in
dental porcelain (Pishch and Kazachenok, 1977). This crystal
environment along with comparatively higher porosity, Table 5, should
have affected light to be diffusely reflected rather than irsansmitied
similar to Zr5i04 role in glazes. The inclusion of quartz, Figure Se, results
richer silica meit, affected more crystallinity and rounded aggregates of
uniform sizes. Inclusion of BaC03 increased the illuminated leucite squares
as found in SEM, Figure S5f and X-ray diffraction, Figure 6f, respectively.
The incorporation of BaCO3 could have reduced refractive index (RI)
mismatch of the present heterogeneous system. Feldspathic glasses ware
reported to have RI 1.31 and low leucite has 1.30 (Hahn and Teuchert
1980) compared to those reported for Al203 and ZrSiO4 being 1.78 and
1.95 respectively.

Plotting the transiucency ¥ versus brightness % of the present parian
porcelain containing various mineralizers and containing quartz and
BaC03, Figure 7, demonstrates the achieved improved aesthetics in
comparison with base-bodies FK and FKQ compared to the some
American, Continental and British porcelains.

CONCLUSION
1. Optical parameters should be measured throughout the wisible

spectrum and normalized to the standard iluminant to simulate the
vision of humen eye. Factors influencing translucency are various
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Fig.5. X-ray diffraction tracings for porcelain FK (a), FK containing: BaCO3 (b),
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Fig. 6. The scanning electron micrographs for porcelain FK {(a), FK contaming:
BaCO3(b}, Al(OH)3 (c), ZrSiO4 (d}; and FKQ (e}, FKQ containing BaCO3 (f].
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phases, inciuding porosity, their particle sizes, shapes and volume
concentration.

2. For high translucency, light should be scattered so that transmission is
diffuse and targe fraction of the incident light should be transmitted
more than refiected with minimum absorption. This was exhibited by
BaC03 inclusion which acted as strong mineralizer resulting more
homogeneous grain

3. The low solubility of Al(OH)3 and fine dissemination of ZrSi04 in glassy
phase yleld an environment of improved parameters but still inferior
1o BaC03 mineralizer atthough ZrSi04 proved its nucleating power.

4. Mineratizers including quariz entarged the firing range and high
concentrations are more effective at low firing temperature.
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ANNEX
Tristimulus values x, y snd z

The CI1E. (Commission [nternational d'Eclairage) symbols x, ¥ and z
represent fraction of 3 colors. x is a fraction of red, y is a fraction of green
and 2 is a fraction of bluse. The tristimulus values 2, y and z contain part of
the standard spectral vaiue corresponding to reflection of a specimen.
They are calculated by multiplying together the nutnerical vatues of the
reflectance curve with the spectral distribution curve and the vatues of
energy radiation (Sp) falling on the specimen of definite intervals of
wavelength (10 nm) and integrating the resutts over the whole of the
visible spectrum. The following equation is used for 2, yand 2.
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700
Y= | (SaRaYa)
400

where: z,y and 2, the tristimulus values,
400-700 nm is the visible spectrum range,
Xa, Ya and Z) are the tristimulus values of equal energy
spectrum,
Sa is the energy distribution of the illumination fatling on the

color al a given wavelength, and
R, is the reflectance of the color at & given wavelength

The products of 83 Ra.Ya are calculated for certain standard filuminants

and are available in Table DIN 5033 (Judd and Wyszecki, 1965). The
standard illuminant used in this work is 'A’.
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